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6\VWHPKDVQRWVWLPXODWHGLQYHVWPHQWVLQFOHDQHUHOHFWULFLW\SURGXFWLRQWHFKQRORJLHVZLWKRXWDGGLWLRQDOVWDWHVXEVLG\
VFKHPHV+RZHYHU(XURSHDQ&RPPLVVLRQ¶VFXUUHQWDFWLYLWLHVWKDWLQFOXGHFUHDWLRQRIWKH0DUNHW6WDELOLW\5HVHUYH
ZKLFK HQDEOHV XQDOORFDWHG DOORZDQFHV WR EH WUDQVIHUUHG WR WKH UHVHUYH LQ  >@ DQG DQQRXQFHPHQW RI QHZ D
OHJLVODWLYHSURSRVDOWRLQFUHDVHWKHSDFHRIHPLVVLRQVFXWVDIWHUDWDQDQQXDOUDWHRIFRPSDUHGWR
FXUUHQWO\FRXOGFXWGRZQWKHVXUSOXVRIHPLVVLRQDOORZDQFHVDQGVWDELOL]HWKHPDUNHWSULFHRIDOORZDQFHV>@,IWKH
LQWHQGHG UHIRUP VXFFHHGV DQG PDUNHW SULFH IRU DOORZDQFHV LQFUHDVHV DQ HQG RI WKH HFRQRPLF OLIH F\FOH RI WKH
FXUUHQWO\GRPLQDQWRLOVKDOHWHFKQRORJ\LQWKH%DOWLFPDUNHWFRXOGWDNHSODFHWKHFRPSHWLWLYHQHVVRIHIILFLHQWJDV
ILUHGFRJHQHUDWLRQSRZHUSODQWVFRXOGLQFUHDVHDQGWKHQHFHVVLW\IRUVWDWHDLGVXEVLGLHVIRUUHQHZDEOHSRZHUSODQWV
FRXOGVLJQLILFDQWO\EHUHGXFHG
7KHPDLQJRDORIWKHHPLVVLRQWUDGLQJV\VWHPLVWRUHGXFHJUHHQKRXVHJDVHPLVVLRQVLQDQHFRQRPLFDOO\HIILFLHQW
ZD\,QRUGHUWRUHGXFH&2HPLVVLRQVHOHFWULFLW\SURGXFWLRQXVLQJSRZHUSODQWVZLWKWKHORZHVWHPLVVLRQVVKRXOGEH
SULRULWL]HG'HVSLWHWKLVWKHORZ&2HPLVVLRQDOORZDQFHPDUNHWSULFHKDVQRWVXFFHHGHGWRDFKLHYHSULRULWL]DWLRQRI
VXFKSRZHUSODQWV±VWLOOPRUHWKDQKDOIRIWKHHOHFWULFLW\LQWKH%DOWLFUHJLRQLVSURGXFHGYLDFDUERQLQWHQVLYHRLOVKDOH
SRZHU SODQWV ZKLOH QHZ KLJK HIILFLHQF\ JDVILUHG FRJHQHUDWLRQ SRZHU SODQWV DUH IRUFHG WR RSHUDWH ZLWK OLPLWHG
RXWSXWVHH)LJ+RZHYHUZKLOHSURGXFLQJ0:KRIHOHFWULFLW\DQRLOVKDOHSRZHUSODQWHPLWVWRWRQVRI
&2 ZKLOH D PRGHUQ JDVILUHG SRZHU SODQW HPLWV  WRQV LQ FRQGHQVLQJ UHJLPH DQG RQO\ DERXW  WRQV LQ
FRJHQHUDWLRQPRGH([LVWLQJUHVHDUFKKDVDOUHDG\HPSKDVL]HGWKHGLIIHUHQWOHYHOVRI&2HPLVVLRQVWKDWDUHSURGXFHG
LQGLIIHUHQWSURGXFWLRQSODQWVKLJKOLJKWLQJ WKDW&+3SODQWVDUHEHQHILFLDO IURPWKHYLHZSRLQWRIFDUERQHPLVVLRQV
DQGVXJJHVWLQJWKDWSURGXFWLRQSURFHVVHVDUHWREHLQWHJUDWHGLQWRVXFKSODQWV>@:LWKWKHFXUUHQWPDUNHWSULFHOHYHO
IRUHPLVVLRQDOORZDQFHVWKHHPLVVLRQWUDGLQJV\VWHPLVFRXQWHUSURGXFWLYH±LWFUHDWHVDGGLWLRQDOFRVWVWRHQGXVHUVLW
FUHDWHVDGGLWLRQDOUHYHQXHIRUFDUERQLQWHQVLYHSRZHUSODQWVDQGIDLOVWRGHOLYHUVXIILFLHQWLQYHVWPHQWLQFHQWLYHLQWR
ORZFDUERQWHFKQRORJLHV$VDUHVXOWLQRUGHUWRVWLPXODWHLQYHVWPHQWVLQORZFDUERQSRZHUSODQWVWKHPHPEHUVWDWHV
RI WKH (XURSHDQ 8QLRQ VKRXOG PDLQWDLQ DGGLWLRQDO VXEVLG\ VFKHPHV WKXV IXQGDPHQWDOO\ GXSOLFDWLQJ WKH UROH RI
HPLVVLRQ WUDGLQJ V\VWHP ([LVWLQJ VWXGLHV KDYH UHVHDUFKHG WKH LPSDFW RI &2HPLVVLRQV WKURXJK WKH IHDVLELOLW\ RI
&DUERQ&DSWXUH6WRUDJHPHFKDQLVPVDQGWKHLUILQGLQJVLQGLFDWHWKDWLQRUGHUWRDOWHUWKHH[LVWLQJHQHUJ\EDODQFHLQ
RWKHUUHJLRQDOPDUNHWVD&2HPLVVLRQVSULFHRIVHYHUDOWLPHVWKHFXUUHQWPDUNHWOHYHOLVUHTXLUHG>@
 
 
)LJ(OHFWULFLW\SURGXFWLRQE\W\SHLQWKH%DOWLFVLQ>@
1.1. The price of CO2 emissions takes a significant share of electricity production costs 
7KHIXOOFRVWRISURGXFLQJHOHFWULFLW\LVFRPSULVHGRIWZRSDUWVIL[HGLQFOXGHVFDSLWDODQGRSHUDWLRQDOFRVWV
DQG YDULDEOH LQFOXGHV IXHO DQG FDUERQ HPLVVLRQ FRVWV )RU VRPH WHFKQRORJLHV QDPHO\ QXFOHDU K\GUR VRODU
ZLQG ELRPDVV SRZHU SODQWV LW LV DVVXPHG WKDW WKHUH DUH QR &2 HPLVVLRQV WDNLQJ D VKRUWWHUP PDUJLQDO
DSSURDFK %XW IRU FRQYHQWLRQDO IRVVLO IXHO SRZHU SODQWV FDUERQ HPLVVLRQV SOD\ D VLJQLILFDQW UROH LQ WKH WRWDO
SURGXFWLRQFRVW,WVKRXOGEHQRWHGWKDWLQWKHPHULWRUGHUV\VWHPLWLVSDUWLFXODUO\WKHFRQYHQWLRQDOSRZHUSODQWV
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WKDW WHQG WR VHW WKHPDUNHW SULFH KHQFH WKH FORVH UHODWLRQVKLS EHWZHHQ WKH SRZHU SULFHV DQG WKH SULFH RI &2
HPLVVLRQDOORZDQFHV
6LPLODUO\WRIXHOFRVWVWKHSULFHRI&2HPLVVLRQDOORZDQFHVFDQYDU\IDLUO\VXEVWDQWLDOO\'XULQJWKHODVWIHZ
\HDUVWKHSULFHRI&2HPLVVLRQDOORZDQFHVKDVGHPRQVWUDWHGJUHDWYDULDQFHDVWKHSULFHKDVIOXFWXDWHGLQDUDQJH
RI DERXW (857KDW KRZHYHUPHDQV WKDW D FHUWDLQ SRUWLRQRI WKLV YDULDQFH JHWV HDVLO\ FRQYHUWHG WR SRZHU
SULFHV:KHQ HYDOXDWLQJ LQYHVWPHQWV LQ WKH HQHUJ\ VHFWRU RQH KDV WR LQFOXGH WKH SRVVLELOLW\ WKDW WKH SRVVLEOH
FKDQJHV LQ WKH SULFH IRU &2 DOORZDQFHV LQ WKH IXWXUH FDQ VXEVWDQWLDOO\ DOWHU WKH PDUNHW FRPSHWLWLYHQHVV RI
GLIIHUHQWWHFKQRORJLHV$VVKRZQLQ)LJFRQYHQWLRQDOWHFKQRORJLHVZLWKIRVVLOIXHOVKDYHUHODWLYHO\ORZFDSLWDO
H[SHQGLWXUHV EXW DW WKH VDPH WLPH KLJK YDULDEOH FRVWV 0HDQZKLOH WHFKQRORJLHV ZLWK ORZ FDUERQ HPLVVLRQV
GHPRQVWUDWH UHODWLYHO\KLJKHU FDSLWDO H[SHQGLWXUHV7KHUHIRUH LW LVRI FULWLFDO LPSRUWDQFH IRU(8HQYLURQPHQWDO
SROLFLHVDQG&2HPLVVLRQDOORZDQFHV¶SULFHVWDELOLW\WRDWWUDFWIXQGLQJIRUJLYHQWHFKQRORJLHV


)LJ3URGXFWLRQFRVWVIRUGLIIHUHQWSRZHUVRXUFHV>@
1.2. Forecasting of CO2 emission price influence Baltics electricity market 
&XUUHQW HVWLPDWLRQV VXJJHVW WKDW HOHFWULFLW\ SURGXFWLRQ DFFRXQWV IRU URXJKO\  RI DOO HQHUJ\ UHODWHG &2
HPLVVLRQVJOREDOO\>@0RUHRYHULQ(XURSHDORQHWKHFXUUHQW(8HPLVVLRQVWUDGLQJV\VWHPLVVHWWRSXWFDSVRQ
QHDUO\ WZHOYH WKRXVDQGSRZHUSODQWV7KHUHIRUHZLWK WKHRQJRLQJFOLPDWHFKDQJHGHOLEHUDWLRQVDNH\FRQFHUQ LV
WKHUHIRUPDWLRQRIWKHH[LVWLQJHPLVVLRQVPDUNHWWRLQFUHDVHWKHFRPSHWLWLYHQHVVRIUHQHZDEOHHQHUJ\VRXUFHVDQG
DOWHU WKH FXUUHQW SRZHU JHQHUDWLRQ PL[WXUH $OWKRXJK &2 HPLVVLRQV WUDGLQJ KDV EHHQ LQ SODFH VLQFH 
GHPRQVWUDWLQJ KLJKO\ YRODWLOH SULFLQJ G\QDPLFV LW KDV QRW EHHQ DEOH WR FRPSOHWHO\ IXOILOO LWV LQLWLDO SXUSRVH
$FFRUGLQJWRSUHYLRXVILQGLQJVWKHFXUUHQWFDUERQPDUNHWSURYHVLQHIIHFWLYHDVWKHHFRQRPLFHIIHFWIURPLWLVIDU
IURPVXIILFLHQWWRRXWZHLJKWKHSURILWDELOLW\LQFHQWLYHVIRUVZLWFKLQJWRFRDOSURGXFWLRQKHQFHWKHRQJRLQJQHHG
IRUSROLF\FKDQJHV>@
7KHHOHFWULFLW\SURGXFWLRQPL[FDQVLJQLILFDQWO\YDU\EHWZHHQFRXQWULHVLQDGGLWLRQWRLQWHUQDOVHDVRQDORUGDLO\
YDULDWLRQV7KH%DOWLFVKDGQRLQWHUFRQQHFWLRQVZLWKWKH(XURSHDQHQHUJ\V\VWHPWHQ\HDUVDJRDQGWKXVZHUHWRD
ODUJH H[WHQW ± DQ µHQHUJ\ LVODQG¶ $W WKH HQG RI  KRZHYHU WKH %DOWLF HQHUJ\ V\VWHP ZLOO KDYH IRXU QHZ
FRQQHFWLRQV ZLWK (XURSH ZLWK D WRWDO FDSDFLW\ RI 0: LQFOXGLQJ 0:ZLWK )LQODQG 0:ZLWK
6ZHGHQDQG0:ZLWK3RODQG$VDUHVXOWVWDUWLQJIURPWKH%DOWLFVZLOOEHRQHRI WKHPRVWFRQQHFWHG
UHJLRQV LQ(XURSHDV WKHSRZHUIURPH[WHUQDOFRQQHFWLRQVZLOOH[FHHG WKHPD[LPXPORDGFDSDFLW\RI0:
7KLVLQWHJUDWLRQZLOOLPSURYHWKHVHFXULW\RISRZHUVXSSO\DQGZLOOGLYHUVLI\WKHHQHUJ\VXSSO\VRXUFHV\HWDWWKH
VDPHWLPHLWZLOOFRPSOLFDWHWKHIRUHFDVWLQJRILQIOXHQFHRI&2HPLVVLRQSROLF\DQGDVDFRQVHTXHQFHDOVRSRZHU
SULFHVHYHQIXUWKHU DVPRUHDQGPRUH IDFWRUVZLOO VWDUW WRKDYHDQ LPSDFWRQ WKHZKROHVDOHSULFH3UHYLRXVO\ WKH
SULFHRIHOHFWULFLW\LQWKH%DOWLFVZDVPDLQO\VHWE\JHQHUDWLRQVWUXFWXUHDQGLQWHUQDOQHWZRUNFRQILJXUDWLRQ\HWDV
WKHQHZLQWHUFRQQHFWLRQVZLOOEHSXWWRVHUYLFHWKHHOHFWULFLW\SULFHLQWKH%DOWLFVZLOOEHPDLQO\VHWE\WKHHQHUJ\
V\VWHPG\QDPLFVLQWKH1RUGLFFRXQWULHV3RODQGDQG5XVVLD,QDGGLWLRQWKHSULFHRI&2HPLVVLRQDOORZDQFHVZLOO
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UHPDLQDVRQHRIWKHOHDGLQJIDFWRUVRQSRZHUSULFHVDVLWKDVDVXEVWDQWLDOUROHLQWKHPHULWRUGHUV\VWHPLQDOOWKHVH
UHJLRQVDQGLWKDVDGRPLQDWLQJHIIHFWRQWKHSULFHRIHOHFWULFLW\LQWKHIXWXUH
,QDGGLWLRQWRDVVHVVLQJWKHLPSDFWRI&2SULFHVRQJHQHUDWLRQVRXUFHVLWLVDOVRLPSRUWDQWWRHVWLPDWHSRWHQWLDO
LPSDFW RQ UHGXFWLRQ RI *+* IURP UHGXFWLRQ RI HOHFWULFLW\ FRQVXPSWLRQ IRU H[DPSOH GXH WR HQHUJ\ HIILFLHQF\
PHDVXUHV 7KHUH LV D VXJJHVWLRQ WKDW WKH FRQVHTXHQWLDO OLIH F\FOH DVVHVVPHQW PHWKRG &/&$ LV SUHIHUDEOH IRU
GHWHUPLQLQJ*+*LPSDFWVIURPDFKDQJHLQFRQVXPSWLRQ&/&$LVDPHWKRGIRUGHVFULELQJKRZHQYLURQPHQWDOO\
UHOHYDQW SK\VLFDO IORZVZRXOG FKDQJH LQ UHVSRQVH WR SRVVLEOH GHFLVLRQV WKDW DUHPDGH 7KHUHIRUHPDUJLQDO GDWD
VKRXOG EH XVHG WR GHVFULEH WKH LPSDFW RI VXFK FKDQJHV UDWKHU WKDQ WKH DYHUDJH JHQHUDWLRQPL[ >@ ,Q WKH SDSHU
PDUJLQDOFKDQJHVH[SHFWHGLQWKHVKRUWUXQDUHXVHGWKDWZRXOGFDSWXUHRQO\FKDQJHLQYDULDEOHFRVWV7KHUHIRUHWKH
VHOHFWHGDSSURDFKLVWRDQDO\]HWKH&2FRVWSDVVWKURXJKWRHOHFWULFLW\SULFHVRI%DOWLFPDUNHWDVZHOODV&2SULFHV
HIIHFW RQPHULW RUGHU RI JHQHUDWLRQ VRXUFHV DQG FRQVHTXHQWO\PDUJLQDO FKDQJHV RI&2 HPLVVLRQV LQ UHVSRQVH RI
FKDQJHVLQHOHFWULFLW\GHPDQG
0HWKRGRORJ\
7RHVWLPDWHWKHFDUERQPDUNHWHIIHFWRQSRZHUSULFHVLQWKH1RUGLFDQG%DOWLFPDUNHWVWKHDXWKRUVHPSOR\HG
WKHPHWKRGVRIPXOWLSOHUHJUHVVLRQDQDO\VLV7KHEHQHILWVRIXVLQJWKHPXOWLSOHUHJUHVVLRQDQDO\VLVIRUHOHFWULFLW\
PDUNHWVKDYHDOUHDG\EHHQGHPRQVWUDWHGE\SUHYLRXVVWXGLHVDOORZLQJWRH[SOLFLWO\PRQLWRUVHYHUDOLQGHSHQGHQW
YDULDEOHV WKDW KDYH DQ LQIOXHQFH RQ WKH GHSHQGHQW YDULDEOH >@ $OVR E\ LQFOXGLQJ DGGLWLRQDO IDFWRUV WKH
H[SODLQHG YDULDWLRQ LQ WKH GHSHQGHQW YDULDEOH LQFUHDVHV DQG WKH RYHUDOO IOH[LELOLW\ RI WKH PRGHO IUDPHZRUN
LPSURYHV>@([LVWLQJOLWHUDWXUHVKRZVDEURDGVSHFWUXPRIPXOWLSOHUHJUHVVLRQDQDO\VLV¶HPSLULFDODSSOLFDWLRQV
LQFDUERQPDUNHWV7KHFRQFHSWKDVEHHQXVHGWRGHWHUPLQHDVWDWLVWLFDOO\VLJQLILFDQWUHODWLRQVKLSEHWZHHQFDUERQ
SULFHV DQG VHDVRQDO ZHDWKHU GDWD FRPSHWLWLYHQHVV PDWWHUV DPRQJ GLIIHUHQW HOHFWULFLW\ SURGXFHUV DQG WKH
HPLVVLRQVWUDGLQJSROLF\UHVXOWRQSRZHUJHQHUDWLRQ>@
$V PXOWLSOH UHJUHVVLRQ DQDO\VLV DOORZV WR VLPXOWDQHRXVO\ FRQWURO VHYHUDO IDFWRUV DVLGH IURP WKH &2
HPLVVLRQV SULFH WKH DXWKRUV DOVR LQFOXGHG LQWHUQDO VXSSO\ DQG GHPDQG G\QDPLFV WKH FRDO SULFHV DQG WKH
HOHFWULFLW\ SURGXFWLRQ IURPK\GUR VRXUFHV GXH WR WKH KLJK VHFWRU UHOLDQFH RQ WKLV IURQW LQ WKH UHJLRQ 6HYHUDO
RWKHU IDFWRUV VXFK DV WKH JOREDO FUXGH RLO SULFH DVPHDVXUHG E\ WKH%5(17 LQGH[ D OHDGLQJ EHQFKPDUN IRU
$WODQWLFEDVLQFUXGHRLOVZHUHRPLWWHGDIWHUGLVSOD\LQJLQVLJQLILFDQWUHVXOWV7KHRSWLPDOUHJUHVVLRQIUDPHZRUN
ZDVIRXQGWREH

ܻ ൌ ߚ଴ ൅ ߚଵ כ ݌ݎ݀ ൅ ߚଶ כ ܿ݊݌ ൅ ߚଷ כ ܿ݋݈ܽ ൅ ߚସ כ ܿ݋ଶ ൅ ߚହ כ ݄ݕ݀ ൅ ʲ 

ZKHUH
SUG WRWDO1RUGLFLQWHUQDOHOHFWULFLW\SURGXFWLRQDPRXQW
FQS WRWDO1RUGLFLQWHUQDOHOHFWULFLW\FRQVXPSWLRQDPRXQW
FRDO FORVLQJFRDOPDUNHWSULFH
FR FORVLQJRIWKH&2HPLVVLRQVWUDGLQJFRQWUDFWZLWKDGHOLYHU\LQ'HFHPEHU
K\G WRWDO1RUGLFHOHFWULFLW\SURGXFWLRQIURPK\GURSRZHUSODQWV
ȯ UHVLGXDOYDOXHV

7KHDQDO\VLVZDV UXQRQGDWDVSDQQLQJIURP$XJXVW WR0D\DQGDIWHURPLWWLQJD WRWDORIVHYHQ
PRQWKVWKDWUHSUHVHQWHGGDWDRXWOLQHGREVHUYDWLRQVLQDWOHDVWRQHRIWKHIDFWRUVWKHPRGHOVKRZHGDVLJQLILFDQW
UHODWLRQVKLS EHWZHHQ WKH SULFH RI WKH &2 HPLVVLRQV DQG WKH 1RUGLF SRZHU SULFH ZKLFK ZDV VHOHFWHG DV WKH
1RUGLF 6\VWHP SULFH GHWHUPLQHG E\ WKH DJJUHJDWH VXSSO\ DQG GHPDQG RI WKH 1RUGLF DQG %DOWLF HOHFWULFLW\
PDUNHW ELGV >@ &DUERQ H[SODLQHG WKH JUHDWHVW DPRXQW RI YDULDQFH LQ SRZHU SULFH RI DOO WKH EHIRUHKDQG
PHQWLRQHG YDULDEOHV 7KH DQDO\VLVZDV FDUULHG RXW RQ D GDLO\ WLPHIUDPH )DFWRUV WKDW UHSUHVHQW DFFXPXODWLYH
YDOXHVVXFKDVVXSSO\DQGGHPDQGZHUHWDNHQDVWKHDEVROXWHPRQWKO\WRWDODPRXQWZKLOHFKDQJLQJYDULDEOHV
VXFK DV WKH&2 HPLVVLRQV SULFHZHUH WDNHQ DV WKHPRQWKO\ DYHUDJH RI WKH GDLO\ FORVLQJ SULFHV WRPDWFK WKH
HOHFWULFLW\PDUNHWIRUPDW
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5HVXOWV
7KHUHVXOWVRIPXOWLSOHUHJUHVVLRQDQDO\VLVVKRZQLQ7DEOHLQGLFDWHGWKDWD(85FKDQJHLQWKHSULFHRI&2
HPLVVLRQVZRXOGLQFUHDVHWKHSULFHLQWKH1RUGLFSRZHUPDUNHWE\(85DQGWKHUHODWLRQVKLSJRWHYHQVWURQJHU
LQ WKH%DOWLFFRXQWULHVZHUHPRGHOOLQJVXJJHVWHGLW WREH(85ODUJHO\VXSSRUWHGE\WKHSRZHUWUDQVPLVVLRQ
WLHVZLWK3RODQGDQGLWVFRDOGRPLQDWHGHOHFWULFLW\SURGXFWLRQLQGXVWU\
7DEOH0DLQSULFHH[SODQDWRU\IDFWRUVIRUWKH1RUGLFPDUNHW
6HOHFWHGUHJLRQ
3HUFHQWDJHRIWKHH[SODLQHG
UHVSRQVHYDULDEOHYDULDWLRQZLWKLQ
WKHPRGHODGMXVWHG5
,QFUHDVHLQHOHFWULFLW\
SULFHE\(85LQFUHDVH
LQ&2SULFH(85
6WDQGDUGHUURU(85 WWHVWVWDWLVWLFYDOXH
1RUGLFV\VWHP    
6ZHGHQ    
)LQODQG    
3RODQG    
6LJQLILFDQWDW36LJQLILFDQWDW36LJQLILFDQWDW3

7KH REWDLQHG RXWSXW IRU WKH1RUGLFPDUNHW GHPRQVWUDWHG DQ$GMXVWHG56TXDUH YDOXH RI  WKDW VWDWHG WKDW
DSSUR[LPDWHO\RIWKHYDULDQFHLQWKH1RUGLFSRZHUSULFHVZDVH[SODLQHGE\WKHVHOHFWHGYDULDEOHVVKRZQLQ
)LJ
)XUWKHUPRUHWKHLPSRUWDQFHRIWKHRXWFRPHZDVVWUHQJWKHQHGVLQFHDOORIWKHUHVXOWVZHUHVLJQLILFDQWDWWKH
OHYHOH[FHSWIRUWKHFRDOSRZHUSULFHUHODWLRQVKLSWKDWUHPDLQHGVLJQLILFDQWDWWKHOHYHOVKRZQLQ7DEOH
0HDQZKLOH WKHRXWSXWRI WKHSRZHUFDUERQSULFHUHODWLRQVKLSZDV OHVVVLJQLILFDQW IRUFRXQWU\VSHFLILFDQDO\VLV
ZLWKHTXLYDOHQWUHJUHVVLRQDQDO\VLV,Q6ZHGHQDQG)LQODQGWKHPXOWLSOHUHJUHVVLRQVJHQHUDWHG$GMXVWHG56TXDUH
YDOXHVRIDQGUHVSHFWLYHO\DQGWKHFDUERQYDULDEOHZDVVLJQLILFDQWRQO\DWWKHVLJQLILFDQFHOHYHO,Q
WKHFDVHRI3RODQGWKHDXWKRUVXVHGDVOLJKWO\VKRUWHUWLPHIUDPHDVWKHLQLWLDOUHVXOWVSURYHGFRXQWHULQWXLWLYHDQG
ZHUH DUJXDEO\ ELDVHG E\ LQWHUQDOPDUNHW SROLFLHV 7KHUHIRUH WKH RSWLPDO UHVXOWVZHUH IRXQGZLWK GDWD IURP -XO\
WR-XO\\HWWKHPRGHOVWLOOVKRZHGDUHODWLYHO\ZHDNHUH[SODQDWRU\SRZHUDVWKH$GMXVWHG56TXDUHZDV
RQO\


)LJ0XOWLSOHUHJUHVVLRQDQDO\VLVIRU136V\VWHPSULFH
 
Ϭ
ϮϬ
ϰϬ
ϲϬ
ϴϬ
ϮϬϭϭ ϮϬϭϮ ϮϬϭϯ ϮϬϭϰ ϮϬϭϱ
hZͬDtŚ
^ƚĂƚŝƐƚŝĐĂůƐƉŽƚƉƌŝĐĞ
DŽĚĞůůĞĚƐƉŽƚƉƌŝĐĞ
DƵůƚŝƉůĞ>ŝŶĞĂƌZĞŐƌĞƐƐŝŽŶ ŵŽĚĞůĨŽƌEŽƌĚŝĐƐǇƐƚĞŵƉƌŝĐĞ
ܻ ൌ ͸Ǥ͹ͳ െ ͲǤͳͳ כ ݌ݎ݀ ൅ ͲǤʹͳ כ ܿ݊݌ ൅ ͲǤͳ͸ כ ܿ݋݈ܽ ൅ ͲǤͷͷ כ ܿ݋ʹ െ ͲǤͳͷ כ ݄ݕ݀ ൅ ʲ
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ϳ͘ϱ ϮϬ ϯϬ ϰϬ ϲϬ ϴϬ
^ǁĞĚĞŶ Ϯϵ͘ϳ ϯϲ͘ϵ ϰϮ͘ϳ ϰϴ͘ϱ ϲϬ͘ϭ ϳϭ͘ϳ
&ŝŶůĂŶĚ ϯϯ͘ϭ ϰϬ͘ϵ ϰϳ͘ϭ ϱϯ͘ϯ ϲϱ͘ϳ ϳϴ͘ϭ
WŽůĂŶĚ ϯϴ͘ϭ ϰϲ͘ϵ ϱϯ͘ϵ ϲϬ͘ϵ ϳϰ͘ϵ ϴϴ͘ϵ
>ĂƚǀŝĂ ϯϵ͘ϲ ϰϳ͘ϲ ϱϰ͘ϯ ϲϭ͘Ϭ ϳϰ͘ϱ ϴϴ͘ϯ
^ZDŽĨ'ĂƐ'dĐŽŐĞŶĞƌĂƚŝŽŶ ϯϴ͘ϴ ϰϭ͘ϵ ϰϰ͘ϰ ϰϲ͘ϵ ϱϭ͘ϵ ϱϲ͘ϵ
^ZDŽĨ'ĂƐ'dĐŽŶĚĞŶƐĂƚŝŽŶ ϲϲ͘ϳ ϳϭ͘ϰ ϳϱ͘ϭ ϳϴ͘ϴ ϴϲ͘Ϯ ϵϯ͘ϲ
^ZDŽĨŽŝůƐŚĂůĞƉŽǁĞƌƉůĂŶƚ Ϯϳ͘Ϭ ϰϮ͘Ϭ ϱϰ͘Ϭ ϲϲ͘Ϭ ϵϬ͘Ϭ ϭϭϰ͘Ϭ
ϮϬ
ϯϬ
ϰϬ
ϱϬ
ϲϬ
ϳϬ
ϴϬ
ϵϬ
ϭϬϬ
ϭϭϬ
ϭϮϬ
h
Zͬ
D
t
Ś
hZͬh
^ǁĞĚĞŶ
&ŝŶůĂŶĚ
WŽůĂŶĚ
>ĂƚǀŝĂ
^ZDŽĨ'ĂƐ'd
ĐŽŐĞŶĞƌĂƚŝŽŶ
^ZDŽĨ'ĂƐ'd
ĐŽŶĚĞŶƐĂƚŝŽŶ
^ZDŽĨŽŝůƐŚĂůĞƉŽǁĞƌƉůĂŶƚ
7DEOH0DLQSULFHH[SODQDWRU\IDFWRUVIRUWKH1RUGLFPDUNHW
([SODQDWRU\YDULDEOH 3HUFHQWDJHRIWKHH[SODLQHGYDULDQFHLQWKHGHSHQGHQWYDULDEOHHOHFWULFLW\SULFHV WWHVWVWDWLVWLFYDOXH
6XSSO\DQGGHPDQG  
&RDO  
&DUERQ  
+\GURSURGXFWLRQ  
2WKHU  
6LJQLILFDQWDW36LJQLILFDQWDW36LJQLILFDQWDW3

7KHDXWKRUVWHQGWREHOLHYHWKDWWKHUHODWLYHO\ZHDNHUUHODWLRQVKLSFDQEHH[SODLQHGE\WKHUHODWLYHO\FORVHGQDWXUH
RI WKH3ROLVKHOHFWULFLW\PDUNHWZKHUHWKHSULFHRIWHQVHHPVWRIROORZORFDOVSHFLILFVUDWKHU WKDQJOREDOHFRQRPLF
GULYHUV 1HYHUWKHOHVV WKH REWDLQHG FRHIILFLHQW IRU WKH &2 HPLVVLRQV SULFH ZDV VLJQLILFDQW DW WKH   OHYHO
VXJJHVWLQJFORVHWLHVEHWZHHQWKHYDULDEOHV
(OHFWULFLW\JHQHUDWLRQLVGLVSDWFKHGWRWKHPDUNHWEDVHGRQWKHVRFDOOHGPHULWRUGHUV\VWHPZKHUHWKHZKROHVDOH
SULFH LV VHW DW D SRLQWZKHUHGHPDQGPHHWV VXSSO\ ,WPHDQV WKDW WKH FKHDSHVW VRXUFHVRI HOHFWULFLW\ DUH UXQ ILUVW
IROORZHGE\UHODWLYHO\PRUHH[SHQVLYHVRXUFHVDQGVRRQXQWLOWKHGHPDQGLVPHW7KHVHTXHQFHLVODUJHO\VHWE\WKH
YDULDEOHFRVWVIRUHDFKSDUWLFXODUJHQHUDWLRQVRXUFH7KHUHIRUHEDVHGRQWKHUHVXOWVRIPXOWLSOHUHJUHVVLRQDQDO\VLV
VKRZQLQ7DEOHDVFHQDULRDQDO\VLVRI&2SULFHLPSDFW LQRQPDUJLQDOVKRUWUXQPDUJLQDOFRVWV650&
ZDVFDUULHGRXWDQGFRQVHTXHQWO\SULFHV LQGLIIHUHQWELGGLQJDUHDVVKRZQ LQ)LJ%DVHGRQ WKHVHVFHQDULRV WKH
&2SULFHLPSDFWRQWKHPHULWRUGHULQ%DOWLFVZDVDOVRDVVHVVHGDQGLVVKRZQLQ)LJ
$QDO\VLVZDVFDUULHGRXWDUUDQJLQJHOHFWULFLW\VXSSO\VRXUFHVLQWKH%DOWLFPDUNHWLQLQDFFRUGDQFHWRWKHLU
UHVSHFWLYHVKRUWUXQPDUJLQDOFRVWVDWGLIIHUHQWSULFHVFHQDULRVIRU WKH&2HPLVVLRQDOORZDQFHV ,QWHUFRQQHFWLRQV
ZLWKQHLJKERXULQJFRXQWULHVFDQEH WDNHQDV FRPSHWLQJ VXSSOLHUV WKDW FRPSHWHZLWK ORFDOSURGXFHUVEDVHGRQ WKH
SULFHVVHWE\PDUJLQDOVXSSOLHUV

)LJ6FHQDULRDQDO\VLVRI&2SULFHLPSDFWRQPDUJLQDOVKRUWUXQPDUJLQDOFRVWV650&DQGHOHFWULFLW\SULFHVLQGLIIHUHQWELGGLQJDUHDVLQ
$V GHPRQVWUDWHG LQ )LJ  WKH SULFH RI &2 HPLVVLRQ DOORZDQFHV VXEVWDQWLDOO\ DIIHFWV KRZ WKH VHTXHQFH LV
RUGHUHG LQ WKH PHULW RUGHU V\VWHP $W DQ DOORZDQFH SULFH OHYHO RI  (85 WKH RLO VKDOH SRZHU SODQWV FDQ
VXFFHVVIXOO\ FRPSHWH LQ WKH PDUNHW DQG FDQ RXWFRPSHWH WKH HPLVVLRQVZLVH PRUH HIILFLHQW ODUJH &+3 SODQWV
GHVSLWHWKHIDFWWKDWWKHOHYHORIHPLVVLRQVLQRLOVKDOHSODQWVLVIRXUWLPHVKLJKHU$VDUHVXOWWKHODUJH&+3SODQWV
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PRVWOLNHO\ZLOOEHPDUJLQDOJHQHUDWRUVFORVLQJPHULWRUGHUDQGFDQFRPSHWHLQWKHPDUNHWZLWKRQO\OLPLWHGYROXPH
LQVHOHFWHGKRXUVZKHQWKHSULFHLVDERYHWKHDYHUDJHOHYHO7KHVLWXDWLRQZRXOGDOWHUQDWHUDGLFDOO\LIWKHSULFHRI
FDUERQHPLVVLRQVLQFUHDVHGDERYH(85RWKHUWKLQJVKHOGFRQVWDQW:LWKLQWKHVHFLUFXPVWDQFHVWKH650&IRU
RLOVKDOHSODQWVZRXOGRXWJURZWKRVHLQ&+3SODQWVWKXVRLOVKDOHZRXOGORVHLWVFRPSHWLWLYHQHVVLQWKHPDUNHWDVD
EDVHORDG SODQW 3URYLGHG WKH SULFH RI &2 HPLVVLRQ DOORZDQFHV UHDFKHV  (85 FRPELQHG F\FOH JDV WXUELQH
&&*7SODQWVZRXOGEHFRPH FRPSHWLWLYH GXULQJGDLO\ KRXUV DQG FRXOG UHJXODUO\ WDNH SDUW LQ FRYHULQJ WKH SHDN
ORDG


)LJ6FHQDULRDQDO\VLVRI&2SULFHLPSDFWRQPDUJLQDOVKRUWUXQPDUJLQDOFRVWV650&DQGHOHFWULFLW\SULFHVLQGLIIHUHQWELGGLQJDUHDVLQ
7KHVH VFHQDULRV GHPRQVWUDWH WKDW PDUJLQDO FKDQJHV LQ HOHFWULFLW\ FRQVXPSWLRQ IRU H[DPSOH LQ FDVH RI
FRQVXPSWLRQ UHGXFWLRQVGXH WR HQHUJ\ HIILFLHQF\PHDVXUHVZRXOG OHDYHYHU\GLIIHUHQW LQIOXHQFHRQ UHGXFWLRQRQ
&2HPLVVLRQVGHSHQGLQJRQ&2SULFHV$W ORZ&2SULFHV&+3SODQWVDUHPDUJLQDOHPLWWHUV WKDW UHVXOW LQ
WRQV RI &2 HPLWWHG SHU 0:K LQ FRJHQHUDWLRQ PRGH DQG FRQVHTXHQWO\ &2 LV UHGXFHG LQ FDVH RI UHGXFHG
FRQVXPSWLRQ+RZHYHULI&2SULFHVDUHDERYH(85WKHPDUJLQDOHPLWWHUZLOOEHFRPHRLOVKDOHSRZHUSODQWV
WKDWHPLWWRWRQVRI&2SHU0:KRIHOHFWULFLW\,QWKLVVLWXDWLRQHQHUJ\HIILFLHQF\PHDVXUHVZLOOKDYHDYHU\
KLJKLPSDFWRQ&2VDYLQJV+RZHYHUDWDURXQG(85SHUWRQRI&2WKHPDUJLQDOVXSSOLHUVZLOOEHFRPHJDV
FRQGHQVLQJSRZHUSODQWVWKDWHPLWWRQVSHU0:KRIHOHFWULFLW\
&RQFOXVLRQ
7KHUHVXOWVRIPXOWLSOHUHJUHVVLRQDQDO\VLVGHPRQVWUDWHWKDW&2HPLVVLRQVZRXOGKDYHDYHU\VLJQLILFDQWLPSDFW
RQ HOHFWULFLW\ SULFHV LQ WKH %DOWLFV DIWHU FRPSOHWLRQ RI SODQQHG LQWHUFRQQHFWLRQ EHWZHHQ /LWKXDQLD 6ZHGHQ DQG
3RODQG7KHDQDO\VLVLQGLFDWHVWKDWWKHLQFUHDVHRIWKH&2SULFHE\(85ZRXOGLQFUHDVHHOHFWULFLW\SULFHLQ%DOWLF
FRXQWULHVE\(85 WKDWKDVEHHQ VWURQJO\ VXSSRUWHGE\ WKHSODQQHGSRZHU WUDQVPLVVLRQ LQWHUFRQQHFWLRQZLWK
3RODQGDQGLWVFRDOGRPLQDWHGHOHFWULFLW\SURGXFWLRQLQGXVWU\
$GGLWLRQDOO\ LWZDVGHPRQVWUDWHG WKDW&2SULFHVVLJQLILFDQWO\ LPSDFWPHULWRUGHURIHOHFWULFLW\JHQHUDWRUVDQG
FRQVHTXHQWO\PDUJLQDO HPLVVLRQVRI&2GXH WR UHGXFWLRQRI HOHFWULFLW\ FRQVXPSWLRQ LQFDVHRI HQHUJ\HIILFLHQF\
PHDVXUHV$QDO\VLV FRQFOXGHV WKDW LQ WKH ORZSULFH VFHQDULR (85SHU WRQRI&2&+3SODQWV DUHPDUJLQDO
JHQHUDWRUV HPLWWLQJ  WRQV RI &2 SHU 0:K LQ FRJHQHUDWLRQ PRGH ,I &2 SULFHV DUH DERYH  (85 WKH
PDUJLQDO HPLWWHUV ZLOO EHFRPH RLO VKDOH SRZHU SODQWV WKDW HPLW  WR  WRQV RI &2 SHU 0:K RI HOHFWULFLW\
+RZHYHULISULFHZRXOGEHDERXW(85SHUWRQRI&2WKHPDUJLQDOVXSSOLHUVZLOOEHFRPHJDVFRQGHQVLQJSRZHU
SODQWVWKDWHPLWWRQVSHU0:KRIHOHFWULFLW\
 
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